This paper looks more closely at the sources of patent growth in the United States since 1984. It confirms that the increase is largely due to US patenters, with an earlier surge in Asia, and some increase in Europe. Growth has taken place in all technologies, but not in all industries, being concentrated in the electrical, electronics, computing, and scientific instruments industries. It then examines whether these patents are valued by the market. We know from survey evidence that patents in these industries are not usually considered important for appropriability, but are sometimes considered necessary to secure financing for entering the industry. I compare the market value of patents held by entrant firms to those held by incumbents (controlling for R&D). Using data on publicly traded firms 1980-1989, I find that in industries based on electrical and mechanical technologies the market value of entrants' patents is positive in the post-1984 period (after the patenting surge), but not before, when patents were relatively unimportant in these industries. Also, the value of patent rights in complex product industries (where each product relies on many patents held by a number of other firms) is much higher for entrants than incumbents in the post-1984 period. For discrete product industries (where each product relies on only a few patents, and where the importance of patents for appropriability has traditionally been higher), there is no difference between incumbents and entrants.
Introduction
A number of researchers have explored the reasons behind the recent rapid growth of patenting worldwide and especially in the United States (Kortum and Lerner 1995, 2003; Hall and Ziedonis 2001; Kim and Marschke 2004) . Various explanations for the phenomenon have been offered: using aggregate US and international patent data, Kortum and Lerner attribute most of the growth to increases in innovation and improvements in the management of R&D. Using data on U.S. firms during the 1983-1992 period, Kim and Marschke attribute the growth to increases in R&D in certain sectors as well as to increased patent yield in the computing, electronics, and auto sectors. Hall and Ziedonis study a single industry, semiconductors, where the patenting per R&D rate doubled over ten years and find that the increase is associated with the assembly of large patent portfolios in order to forestall hold-up by rivals in the industry that own patents on technology that is necessary for the manufacture of semiconductor chips. Although there is no complete agreement among these authors as to the reasons for the increase, there is some consensus that the increase in patent yield is largely concentrated in computing and electronics, which suggests either that R&D has become more "fertile" in those industries or that something else having to do with patent strategy has changed.
The growth in patenting has also renewed economists' interest in evaluating the effectiveness of the patent system in promoting innovative activity among private firms. Although evidence on the effectiveness of patents for securing the returns to innovation is mixed (see the survey evidence The current paper probes the empirical validity of this assertion by examining the comparative market valuation of patents held by incumbent and entrant firms in the United States during the 1980s, a period in which the use of patents by U.S. firms increased very substantially, partly as a result of changes in the enforceability of patents in the courts.
As several authors have demonstrated, the creation of a centralized court of appeals specializing in patent cases in 1982, together with a few well-publicized infringement cases in the mid-1980s, have led to an increased focus on patenting by firms in industries where patents have not traditionally been important, such as computers and electronics. In the first part of the paper I show that the decomposition of the sources of patent application growth in the United States supports the interpretation that the growth has been driven by increased patenting by U.S. firms in the electric machinery, electronics, and instrument industries, broadly defined. I also show that a time series analysis of patents reveals a very significant structural break between 1983 and 1984, one that was concentrated in the electrical sector, and more particularly, that firms in that sector (broadly defined to include electric machinery, electronics, instruments, computers, and communication equipment)
increased their patenting across all technologies, accounting for essentially all the growth in patenting by US firms.
Using a large sample of publicly traded U. S. manufacturing firms, I then investigate how their patent valuations changed between the early and late 1980s, focusing on the differences between incumbent firms and new entrants to the industry. I am able to confirm that after the mid1980s, patents held by entrants to the publicly traded sector are indeed more highly valued than those held by incumbents. An industry decomposition of this effect shows that it is concentrated in what Cohen, Nelson, and Walsh (2001) label complex product industries, which are industries where a single products can contain intellectual property covered by thousands of patents held by hundreds of patentholders. In such industries, patent portfolios often serve the defensive function of facilitating cross-licensing negotiations, rather than the traditional role of excluding competitors and securing the ownership of particular inventions. Although patent yield per se is not valued for incumbents in any of the industries, I show that in complex product industries there has been a strong positive shift in valuation for entrants as we enter the pro-patent era.
Changes in the U.S. patent system
A number of changes to the patent system, both legislative and via legal precedent, took place during the 1980s and more recently. These changes are summarized in Table 1 . A series of court decisions have expanded legitimate subject matter to include genetically-modified organisms, software, and business methods. 2 Legislative changes have enhanced the ability of patentholders to enforce their patents, both via the creation of a specialized patent court, and via various procedural changes made at the same time. The Hatch-Waxman Act made patents even more important than they had been for pharmaceutical companies seeking to block generics from entering the market, by extending the lifetime of their drug patents to compensate for delays in regulatory approval.
Following these legislative changes, the demonstration effect of a series of infringement cases had a powerful effect on the thinking of some firm managers. The Kodak-Polaroid case mentioned in the table ultimately cost Kodak a billion dollar judgment and shut down their instant camera business in 1986. It also demonstrated that the ability of a patentholder to obtain an injunction against the use of the supposedly infringing technology well before damages were awarded was a powerful financial weapon, and one to be avoided even at considerable cost. Fear of this strategy appears to have been a strong motivation for increased defensive patent filings, at least in the semiconductor industry .
The result of all these events was a rapid increase in patent applications. In the next section of the paper I study the timing and composition of this increase in some detail.
2.1
The patent explosion Figure 1 shows the number of applications and grants for all U.S. utility patents from 1953 to 2003. In addition it shows granted patents by application date for patents granted between January 1965 and December 2002. 3 Because of grant-application lags, the data on grants by application date are only complete through 1997. Figure 2 shows growth rates for the same data, smoothed using a moving average. Both graphs exhibit a substantial break in the mid-1980s: until then, patenting is roughly constant and after that it grows around five per cent per year. Real R&D increased only about 2.4% per year during the late 1980s so that patents taken out by U.S. inventors per R&D dollar also increased.
For further investigation, I focus on the patent grants by date of application (which is relevant date for an investigation of firm behavior and abstracts from variations in the applicationgrant lag). The properties of the patent application series were explored in two ways: first I tested for structural breaks both in the aggregate and by region and main technology class. Then I performed a growth accounting exercise over different 5-year subperiods to identify the sources of the growth displayed in the graphs. In Table 3B , I show similar results for the six broad technology categories developed by probes the contribution of these sectors to the aggregate growth in patenting in more detail.
Tests for structural breaks

Accounting for patent growth
In order to carry out a simple growth accounting exercise on the patent data, I define the following:
, -1 growth of patenting from time -1 to growth of patenting in class or region from time -1 to = share of patents in class or region at time -1
Then the growth in patents at time t is given by show s it-1 g it for the three different decompositions.
The figures reveal the following interesting fact: although the jump in patent applications within the U.S. occurred in all technology classes, when we look by broad industry class, we find that it occurred only in firms that are in the electrical, computing and instruments industries. That is, the increase in chemicals, mechanical and other technologies appears to have been driven by increasing patenting activity by firms that were not traditionally in these industries. This result is consistent with the view that there has been a major strategic shift in patenting in the electrical/computing industries, but not in other industries.
One interpretation of the contrasting findings in Figures 4 and 5 is the following: the first figure suggests an increase in innovation (as measured by patents) from the 1974-84 period to the 1984-94 period that occurred in all technology areas. But the second says that the increase was actually concentrated in firms in one sector, which implies that these firms increased their patenting not only in their own sector but in the other technology sectors as well. This suggests that the increase is due to a strategic shift within the electrical and computing sector, rather than an increase in inventiveness across the board. Further testing of this hypothesis seems warranted, to understand what the patenting behavior of the electrical/computing firms was in the chemicals/ mechanical/ other sector before and after the shift in 1984.
2.4
What changed?
Given these findings with respect to timing of the surge, region of origin, and technology and industry origin, we can identify the following changes in the patent system as having provided an impetus for the increase in growth rate: the 1982 creation of CAFC and the litigation success of Texas Instruments against a number of firms in 1985/86 and Polaroid against Kodak in 1986. As a result of the creation of CAFC and as demonstrated by these cases, patents were now more likely to be upheld in litigation, and the consequences were likely to be more negative for alleged infringers, especially in complex product industries like electronic computing and communications.
In Ziedonis and Hall (2001) we reported the results of our interviews with patent counsel and CEOs at a number of semiconductor manufacturing firms. 4 The interviewees emphasized the important "demonstration effect" of Polaroid's successful patent infringement suit against Kodak; in 1985, the district court found Kodak liable for infringement and this decision was affirmed by the CAFC in 1986, barring Kodak from competing in the instant-film camera business. In 1989/1990
the damages portion of the case was tried, ultimately settling for almost one billion dollars. 5 The large penalties imposed in this case and the realization that US courts were willing to take an aggressive stance against infringement by halting-either temporarily or permanently-production utilizing infringed technologies fueled concerns among executives in many firms, including semiconductor manufacturers, for whom it would be very costly to shut down a wafer fabricating plant for even a week.
The other widely-cited reason for intensified patenting in the industry was Texas Instruments' patent royalty strategy. During 1985-86, Texas Instruments successfully asserted its patents in court for a range of inventions pertaining to integrated circuits (e.g., the "Kilby patent" on the basic design of the integrated circuit) and manufacturing methods (e.g., the method for encapsulating chips or transporting wafers from one manufacturing platform to another). Although the original suits were against non-US (Japanese) firms, TI's successful enforcement of its patents enabled the firm to charge higher royalty rates to other firms in the industry. Indeed, our interviewees were well aware of the strategies that Texas Instruments had put in place to manageand profit from-its patent portfolio; 6 representatives from several firms plan to adopt a similarly aggressive licensing strategy once their portfolios grow larger. Others noted that AT&T, IBM, and
Motorola began asserting their patent rights more aggressively during this period in order to increase licensing revenues based on their large portfolios of semiconductor-related patents. According to several industry representatives, these large patent owners not only increased royalty rates for "rights to infringe" their patents but sought royalty-bearing licenses from smaller firms more aggressively.
As Levin et al (1987) and Cohen, Nelson, and Walsh (2000) reported from their survey evidence, patents have not been considered the most important means for appropriating returns to R&D except in the pharmaceutical industry, although they are considered effective for over one third of innovations in several other industries: paper, chemicals, metal products and machinery, computers and electrical equipment, medical equipment, and autos. Cohen et al. probe this question further and find that when industries are divided into those producing discrete products and those producing complex products, important differences in the reasons for using patents emerge. 7
Industries with discrete products tend to patent for the traditional reasons of excluding competitors and preventing litigation, whereas those in complex product industries are significantly more likely to patent for cross-licensing and trading/negotiation purposes, as well as to prevent litigation.
Their evidence agrees with the Ziedonis and Hall finding that patents are now primarily used for defensive purposes in semiconductors, to protect against litigation and for cross licensing. But we also found that patents were considered important for securing financing for startups in this industry. The analysis in this section confirms that the overall surge in patenting is due to an increased use of patents by U.S. firms in industries similar to and including semiconductors, that is, in complex product industries. The next section explores the implications of this finding for firm valuation by the market, and attempts to shed light indirectly on the financing hypothesis.
The market value of patents
The findings in the previous section of the paper, together with the evidence in Hall and
Ziedonis (2001) and Cohen et al. (2000) suggest that the value of patents to the firm may differ depending on the use to which they are put. That is, if patents are primarily valued because having a large number assists in cross-licensing negotiations and serves as insurance against threats from other patentholders, the individual patents in the portfolio may not be valued separately from the fact that they are a natural consequence of the firm's R&D. That is, once we control for the level of R&D in a market value equation, there may be no additional effect arising from patenting. In particular, firms in sectors with complex product technologies should show such an effect, because in general it is the number of patents rather than the quality of each one that is relevant for defense, at least according to the Ziedonis-Hall interviewees.
At the same time, if patents help to secure financing for entry, we expect that firms who have recently entered the publicly traded sector would have a patent portfolio that is more valuable on average than that held by other firms. That is, their R&D will have been differentially successful, compared to the incumbent firms. So the hypothesis is that patents will be related to the market value of these firms, above and beyond the value from their R&D effort. In addition, I would expect this differential to be largest in complex product industries.
In this section of the paper I test these hypotheses using a simple market to book value equation at the firm level that includes the R&D assets to tangible assets ratio, the patent stock to R&D assets ratio, a dummy for firms that do not report R&D, and year dummies to account for overall market movements. The equation is estimated for two subperiods, 1980-1984 and 1985-1989 , and for incumbents entrants during the two periods separately. I then go on to estimate equations separately for firms in the three different technology classes used in the previous section (electrical, chemical, and mechanical), and for the discrete product/complex product breakdown suggested by Cohen et al. (2000) .
Finally, I use a differences in differences approach to examine whether the differential valuation of patents for entrants and incumbents in complex product industries increased relative to that for discrete product industries between the first and the second half of the 1980s. Finding that this is so is confirmatory evidence that strategies in those industries shifted, partly as a result of changes in patent enforcement around the middle of the 1980s.
Data sample
The data sample used here is drawn from the sample described in Hall, Jaffe, and 
Model and estimation strategy
The model estimated is a very basic hedonic market value model, similar to that in Griliches 1981 or Hall, Jaffe, and Trajtenberg 2004. The market value of a firm is related to the book value of its assets via the following regression equation:
where V = market value of firm A = book value of tangible assets K = stock of R&D assets P = stock of patents
The form of the specification is dictated by the fact that patents are roughly proportional to R&D for these firms, so that the separate impact of obtaining a patent successfully can be measured by including a patent productivity variable in the form of patents per R&D in the model. The stocks of both R&D and patents are constructed from the past R&D and patent applications history using a 15 per cent depreciation rate.
The method of estimation is ordinary least squares with standard errors robust to heteroskedasticity and serial correlation reported. 8 In estimation, the slopes and the full set of time dummies δ t are allowed to vary across the type of firm, whether incumbent or entrant, the time period (1980-84, or 1985-89) , and the technology category (in three groups, electrical, chemical, and mechanical, or two, discrete and complex).
Comparing Incumbents and Entrants
A summary of the results of these estimations is shown in Table 4 , which displays the patent coefficient for all firms and for the two different industry breakdowns. Several things emerge from these tables: first, during the 1980 to 1984 period, having a higher patent productivity from R&D is not associated with an increase in market value. On the contrary, it is slightly negatively valued in electrical and chemical industries, and especially negative among entrants in the chemical sector.
This latter result no doubt reflects the collapse of biotechnology valuations that occurred during this period. Except for this sector, there is no difference between incumbents and entrants in the valuation of patent per R&D yield during the first half of the 1980s.
However, during the 1985-1989 period, the patent yield of entrants in the electrical and mechanical sectors is valued at a substantial premium over incumbent firms, after controlling for their tangible and R&D assets. The difference is most stark when I distinguish between industries with discrete product technologies and those with complex product technologies. In the latter sector, having one additional patent per million dollars of R&D investment yields a market value boost of 25 per cent for newly entered firms.
Third, there is a significant difference between the two periods. In the first, patent productivity is valued negatively or not at all by the market, whether the firm is an incumbent or an entrant. In the second period, after the changes in the patent environment have taken place, patent productivity remains negative or insignificant for the value of the incumbent firms, whereas it is now significant and positive for firms in the electrical and mechanical industries; the differences are even more striking for the discrete/complex split. The last line of Table 4 shows the differences in differences estimate of the difference between incumbents and entrant firms in the two periods. The differences are most significant for the chemicals sector, where the patent valuation for entrants rose from quite negative to slightly positive, and for the complex products industry, where the patent valuation for entrants rose from zero to very positive.
Because it appears from Table 4 that the discrete/complex split is more informative for patent yield valuation than the technology split, I present the complete results for this split in Table   5 , for the two periods and for the incumbent/entrant split in each, in order to look more carefully at the differences in results for the two sectors. The discrete product industries show the following pattern in both periods: first, firms that enter tend to have a substantial premium (about 100 per cent above that predicted by their assets), but R&D assets are valued less for entrants than for incumbents. At the same time, not having R&D is valued very negatively. What this suggests is that entry in this sector during the period essentially requires having R&D assets, so some of the valuation is absorbed by the entry dummy. This can occur because R&D assets are an error-ridden measure of the underlying value of the firm's knowledge base. I also note that the patent yield from these assets has no impact on firm value for firms in this sector.
The results for the complex product industries are quite different: First, the results for the two periods are quite different, with both R&D and patent yield valued significantly more highly for entrants in the second period. During the first period, only entry itself receives a valuation premium over incumbent firms (of about 50 per cent) and not doing R&D is somewhat negative for entrants.
During the second period, the value of the incumbents' R&D has fallen, whereas that for the entrants remains about the same. And as we saw earlier, there is a substantial premium for entrants that have a higher patent yield. Hall (1993) reviews the reasons for the decline in R&D valuation during this period and shows that is was concentrated in rust belt industries (e.g., metals and automobiles) and in large scale mainframe and mini computer firms, both of which were subject to restructuring during the 1980s due to the advent of the personal computer and the rise in global competition. Many of these industries are in the complex product sector.
Thus these regressions provide some support for the hypothesis that patents may serve differing functions for incumbents and entrants in complex product industries, and that this difference may have emerged in the wake of the changes to the functioning of the U.S. patent system during the early to mid-1980s. Although the division into discrete and complex product industries is admittedly rather coarse, it seems to be revealing of a considerable difference in the role of patents.
Conclusions
This paper has established several facts about changes in the patenting behavior of U.S.
firms during the past twenty years, some more precisely and robustly than others. First, there is clear to the right hand side variables.
evidence of a structural shift to a higher growth rate in overall patenting in the United States between 1983 and 1984, one that is driven for the most part by U.S. firms, but with some contribution from Asia and Europe. Second, this shift is largely accounted for by firms in the electrical and computing technology sectors, although patenting by U.S. inventors has risen in all technology classes. Although R&D has also increased in this sector, this cannot explain the size of the increase in patenting. In addition, patenting per R&D dollar has actually fallen in the chemicals sector broadly defined.
These findings are subject to a couple of competing explanations: one is that of Kortum and Lerner (1998, 2003) , who argue that the management of R&D has improved during the period and who find that innovative activity has risen as much as patenting, at least in the pages of the Wall street Journal. The second is that the growth in patenting is largely driven by the needs of players in complex product industries for large patent portfolios and their consequent drive to obtain patents, even those of dubious quality, that is, even those that they have no intention of enforcing. The results thus far cannot really distinguish these two hypotheses, although we can say that if R&D management has improved, it is only in some sectors (electrical, etc.) and not in all.
The results in the second part of the paper provide some limited support for the view that that patent rights themselves are not valuable assets, once we know the amount of investment that went into obtaining the innovation, but that they may be important for new entrants. That is, a possible interpretation of these results is the following: in established firms, accumulating patents for defensive reasons has little impact on market value because the past history of R&D spending is already a good indicator of the firm's technology position. In fact, an above average accumulation of patents could be slightly negative for value if it indicates the present of threatened suits for infringement.
On the other hand, for new entrants, especially in complex product industries like electronics where patents were previously unimportant, ownership of patents may have become an important signal of viability, especially because these firms have a median intangible to tangible asset ratio of above one half. That is, as the venture capitalists argue when considering funding these firms earlier in the life cycle process, patents are essential to provide a claim on the most important asset of the firm, its knowledge capital. In the market value equation, this translates into a premium for high patent productivity, especially post-1984.
Some questions remain unanswered in this paper. First and foremost, what happened during the 1990s? Did the positive premium for entry with patents continue during the rapid growth of the computing and electronics sector in the late 1990s? Has the growth in patenting continued to be due almost entirely to U.S. firms in computing and electronics? 1953 1958 1963 1968 1973 1978 1983 1988 1993 1998 1956 1960 1964 1968 1972 1976 1980 1984 1988 1992 1996 1974-79 1979-84 1984-89 1989-94 
